Background: CT arthrography is an alternative technique to MRA in shoulder imaging, including RCTs; however, CTA alone could not stage RCTs and suffers from some limitations. Being the only technique that could highlight the rotator cuff tendons from both surfaces, our study was aimed to assess the use of multi-detector CTA with concurrent sub-acromial bursography as a new technique in detection and characterization of rotator cuff tears. Results: Different types of RCTs were characterized including bursal surface tears. Different grades of RCT size were classified. There was 100% sensitivity of CTA concerning detection of all rotator cuff tendons however with variable specificity that was very high in supraspinatus tendon. Conclusions: CTA when combined with sub-acromial bursography is a reliable tool could be used in preoperative planning in RCTs, this combination modifies the CTA technique, allows for detailed characterization of type and size of RCTs, and for detection of bursal surface tears.
Background
Rotator cuff tear (RCT) is a common problem occurring in middle-and old-aged people; it is a leading cause to shoulder dysfunction. The grade of tear and the integrity of the entire tendon are important factors that influence RCT management. Poor quality tendon can compromise usual arthroscopic rotator cuff fixation and may require specialized techniques [1] .
Multi-detector CT arthrography (CTA) is an alternative technique to MR arthrography (MRA) in shoulder imaging, including certain rotator cuff injuries that require MRA to be fully characterized. CTA has been proven to have high diagnostic performance similar to MRA for evaluation of full-thickness RCTs, however; CTA alone is insensitive to bursal sided partial-thickness and could not detect pure intra-substance tears. Moreover, although CTA alone can detect the partialthickness articular surface tear, it could not grade it except when additional full-thickness tear is present anywhere on the cuff allowing for concurrent sub-acromial bursography, thus in order to accurately categorize partial-thickness RCTs on CTA, the affected tendon should be highlighted by contrast material on both articular and bursal surfaces. CTA has the ability to adequately asses and clarifies RCT owing to its inherent high spatial resolution that depends on the attenuation difference between the articular contrast medium and the rotator cuff tendons [2] [3] [4] .
Aim of the work
Being the only technique that could highlight the rotator cuff tendons from both surfaces, our study was aimed to assess the use of combined multi-detector CTA with concurrent sub-acromial bursography as a new technique in detection and characterization of rotator cuff tears.
Patients and methods

Study participants
The current study was conducted from April 2018 through November 2018. After it was ethically approved by our institution committee, 30 patients, clinically and sonographically suspected to have rotator cuff tear, were referred from orthopedic and rheumatology clinics, Minia University Hospital, for CT arthrography and bursography using 16-detector CT scanners (Bright-Speed 16; GE Healthcare-America: Milwaukee, USA) and Philips 16-detector row CT machine. Informed written consent was obtained prior to participation in the study from all patients.
Inclusion criteria
Clinically, inclusion criteria for patients were based on the presence of three out of four of the following symptoms: (1) pain at rest or at night, especially when lying on the affected shoulder; (2) pain with lifting and lowering the arm; (3) weakness when rotating the arm; and (4) crackling sensation during shoulder movement. In addition, all patients have suspicious ultrasonographic features suggesting the presence of rotator cuff pathology.
Exclusion criteria
Patients having soft tissue infection about the shoulder were excluded from the study.
Study techniques Targeted ultrasonographic guided contrast injection
The contrast injection was done using ultrasonographic guidance; the used ultrasonographic machine was Xario-200 Toshiba with multi-frequency 12-MHz linear array transducer. The utilized contrast medium was non-ionic iodinated contrast medium (Iohexol; Omnipaque® 300); it was diluted 1:1 with lidocaine HCL 1%. Two 20-cc syringes were prepared; one for gleno-humeral (GH) joint injection containing 20 cc of prepared contrast, and the other for sub-acromial sub-deltoid (SA-SD) bursal injection containing 15 cc of prepared contrast. The utilized needles were 20-gauge spinal needle for GH injection and 22-gauge 2-inch needle for SA-SD bursal injection. The patient was placed in a lateral or semi-prone position as appropriate with the affected shoulder up. The contrast injection was done with real-time sonographic guidance.
For GH joint injection, the ultrasound transducer (linear 12-MHz or curved 5-MHz as appropriate) was placed in the transverse oblique plane on the posterior lateral shoulder, inferior and parallel to the scapular spine then toggled upwards till visualization of the humeral head on the glenoid. The entry point was just lateral to the transducer. Using the no-touch sterilized technique, the needle was introduced in the same plane of the transducer and angled slightly medially towards the GH interval under direct sonographic visualization of the entire needle length, when the needle tip was visualized within the joint in-between the humeral head and glenoid, injection of the contrast was done until firm resistance occurs (Fig. 1b) .
For SA-SD bursal injection, the linear 12-MHz transducer was placed on the top of the shoulder over the lateral border of the acromion and the distal end of the supraspinatus tendon. The entry point was lateral and caudal to the transducer. Using sterilized no-touch technique, the needle was directed medially and transversely in the same plane of the transducer towards the hyperechoic sub-acromial fat plane, and when it was visualized just superficial to the supraspinatus tendon, injection of the contrast was done (Fig. 1a) . The bursal injection was canceled in case of full-thickness RCT that allowed for bursal fluid distension during GH joint injection.
Aspiration of joint effusion or bursal fluid was done under direct sonographic visualization and careful sterile technique prior to contrast injection.
CT arthrography
The patient was scanned in "supine" position and palm up; the scan extends from the acromio-calvicular joint above to the bottom of the scapula below, the FOV was wide (about 160 mm) covering the upper humerus and the entire scapula. High-resolution bone algorithm was used, with thin beam collimation (0.625 mm); exposure parameters were 120 kV and 200 mAs.
Image processing and analysis
Standard coronal oblique reformatted images were obtained along the plane perpendicular to the glenoid, whereas sagittal oblique reformatted images were obtained parallel to the glenoid.
Overview of the entire shoulder joint was done through the axial plane. Supraspinatus tendon was assessed on coronal and sagittal planes; subscapularis and infraspinatus tendons were assessed on axial and sagittal planes. Tendon tear was diagnosed when the contrast medium enters within the substance of the tendon from any surface or when focal tendon thinning is detected. Tendon tear was classified according to the direction of contrast passage into simple tear and complex or multi-directional (complex tear was defined as a tear that has more than two directions). Measurement of tear thickness and adjacent normal tendon thickness was done in order to obtain the percentage of tendon affection. Medial extension of the supraspinatus and infraspinatus tendon tears was classified into distal, intermediate, or medial, as follows: distal when the tear is limited by the upper edge of the anatomical neck of the humerus, medial when the tear extends beyond the lower edge of the anatomical neck, and intermediate when the tear is located between the two extremes.
The images were read independently by two radiologists; both have nine years' experience in musculoskeletal imaging. Inter-rater reliability was obtained.
Statistical analysis
Results of combined CTA and bursography were recorded, tabulated, and statistically analyzed using SPSS-16; the data were represented as number and percent. Sensitivity, specificity, and accuracy of CTA were obtained in patients who underwent arthroscopic/operative intervention in comparison to surgical notes.
Results
There were seven males and 23 females. The mean age of male patients was 52 + 8.68 years (range 39-63 years), whereas the mean age of female patients was 51.83 + 11.87 years (range 37-76 years).
MDCT arthrographic findings
There were twelve cases had supraspinatus full-thickness tendon tear, and four cases had subscapularis full-thickness tendon tear (all of which had concurrent supraspinatus tendon tear), and there was no infraspinatus full-thickness tear in the current study.
The partial-thickness RCTs were classified into articular surface tear, bursal surface tear, and interstitial tear; the last one was detected as an extension adjacent tendon tear (from its interstitial component) with no violation of either bursal or articular surfaces (Table 1) .
Most rotator cuff tears in the study were complex rather than simple ones; complex tear was defined as a tear that has multiple directions (more than two directions) ( Table 2) .
Regarding RCT size based on the percentage of thickness affected in each rotator cuff tendon, the partial-thickness tear was graded into four grades; their frequency distribution is expressed in Table 3 .
Regarding medio-lateral tear extension, the most frequently encountered location of supraspinatus tear was the intermediate location, then the distal one, whereas in cases demonstrating infraspinatus tendon tears, the most frequent location was the medial location then the intermediate one (Table 4) (Figs. 2, 3 , 4, 5 and 6).
There were 24 out of 30 cases underwent arthroscopic repair of RCT, 12 of them had full-thickness supraspinatus tendon tear whereas 12 had extensive partial-thickness supraspinatus tendon tear more than 75% thickness affection. There were high true positive rates in the detection of RCTs especially in supraspinatus and subscapularis tendons. There were no false negative cases ( Table 5 ). The other six cases were treated conservatively and their diagnosis was made depending on ultrasonographic and CT arthrographic findings. Regarding arthroscopically treated cases (24 cases), the CTA demonstrated 100% sensitivity for detection of rotator cuff tendons, with however variable specificity, positive predictive value, and overall accuracy, such results could not be obtained from the other six cases due to lack of reference standard method (Table 6 ).
There were some minor complications happened postarthrography, 14 patients had extra-articular contrast extension, and ten of them happened at sites rather than the injection path with lack of increased pressure needed for injection, whereas four patients showed extra-articular extension posteriorly at the injection site but did not affect the diagnostic yield of CTA. No major complication was encountered (Table 7) .
Inter-rater reliability
The percent agreement in the study was high; it was 100% for determination of RCT type (either those based on violated surface or direction based type), 100% for tear size-based medio-lateral extension, and 91% for percentage tendon affection in of partial-thickness RCT
Discussion
Although the best imaging tool for rotator cuff partialthickness tear is MRA, CTA could provide a comparable diagnostic performance particularly in articular surface partial-thickness tear; CTA is an alternative tool when MRA could not be performed for any reason, the inherent high resolution of CTA and high image contrast allows for detection of small tendinous tear. However, CTA alone without subacromial bursography could not characterize the extent of the tear regarding its percentage of fiber affection, in relation to the entire tendon thickness, which could be a significant imaging finding that affect further management. Furthermore, CTA only without subacromial bursography could not detect bursal surface tear; hence, the current study chose the utilization of combined intra-articular and intra-bursal contrast injection to enhance the diagnostic performance of CTA of the shoulder not only in detection but also in characterization of rotator cuff tears [4, 5] .
The current study characterized both type and size of RCTs. Regarding detection of various types of rotator cuff tear, combined CTA and bursography in the study were able to detect all types of tear based on violated surface; this included pure bursal surface tear which could not be detected if CTA was performed alone. Fermand et al. and Faure et al. [6, 7] studied subacromial CT bursography in patients with a partial surface tear of the rotator cuff tendon. They reported that bursography was able to detect bursal surface irregularities, defect or frank tear; their results were expected as they highlighted the bursal surface of the rotator cuff, so that any superficial surface tear or irregularity would be detected; however, they did not able to assess for tendon thinning or measure accurately the thickness involved by tear, and this would be attributed to diagnostic limitation of CT bursography if performed individually without concurrent CTA [6, 7] .
Regarding the direction-based assessment of tear type, the current study was able to differentiate simple tear from multi-directional one; this is aided by the inherent contrast between the low attenuation tendon and the injected intra-articular contrast medium, also the low attenuation of the tendon is generally not affected by the injected contrast, so there are no specific considerations on assessment of tear morphology, this appears to be different from MRA in which contrast medium can be imbibed by the adjacent tendinopathy or frayed friable tendon margins and therefore assessment of tear on T1 fatsuppressed images only could reveal inaccurate results, and thus T1 fat-suppressed images must be assessed alongside fluid sensitive images [8] .
Regarding tear size and its mediolateral extension, the study followed the same way described by Thomazeau et al. [9] , who described full-thickness rotator cuff tear on arthroscopy and categorized it, in relation to anatomic neck of the humerus, into distal, intermediate, and retracted (replaced by medial in our study). This easily correlated arthroscopically based method differentiates massive rotator cuff tears form non-massive ones; it could be helpful if become a part of the diagnostic checklist in pre-operative arthrographic reporting, as it provides an insight about the quality of the tendon, and thus plays an important role in planning and tailoring the repair technique as poor quality tendon can compromise usual arthroscopic rotator cuff fixation and may require specialized techniques. Detailed characterization of the RCTs on CTA by means of tendon tear size whether small or massive, presence or absence of interstitial extension within the remaining apparently spared tendon and the degree of affected thickness whether partial-or full-thickness would reduce the failure rate of rotator cuff repair that might occur in marked or massive tears [1, 9] .
Regarding the percentage of affected thickness in the current study, most of partial-thickness tears in the study fall in either more than one-half or more than three-fourth thickness affection categories; some tears were so extensive, but still affect < 100% of tendon thickness. Tendon thickness affection is an important factor that should be reported on CTA; distinction between shallow and deep partial-thickness tear is necessary for pre-operative planning, as operative/arthroscopic repair of partial-thickness rotator cuff tear is indicated when more than three fourths of tendon thickness affection. Extensive partial-thickness tears sparing thin fibers (near full-thickness) are repaired by the same fashion as done in full-thickness ones. Charousset et al. [4] studied the accuracy of CTA in rotator cuff tear; they found different sensitivities and specificities for diagnosis of different rotator cuff tendon tears, although they found high sensitivity (99%) and specificity (100%) for diagnosis of supraspinatus tear, they did not characterize such tears, regarding their percentage of fiber affection. Oh et al. [10] assessed the effectiveness of CTA for diagnosis of rotator cuff disorders with arthroscopic correlation; they found high sensitivity (89%) and specificity (98%) in fullthickness tear; however, for partial-thickness rotator cuff tear, the sensitivity was very low (22%) with relatively high specificity (87%), this is could be attributed to poor sensitivity of CTA in bursal surface partial thickness tear. Omoumi et al. [2] studied the multidetector CT arthrography in evaluation of rotator cuff tears and compared them with 1.5-T MRA, although they found similar diagnostic performance of both techniques, CTA had lower sensitivity in partial-thickness supraspinatus tendon tears (60%). The distinction between different grades of thickness affection in partial thickness tear is allowed only when concurrent bursography is performed with CTA. To the best of the authors' knowledge, all known studies that assessed the value of CTA in RCTs assessed its value in detection of RCTs, not in their characterization, they were not able to assess the percentage of tendon thickness affection, and this is the first article trying to study and highlight such a point, that would refine the CT arthrographic study when performed in the context of rotator cuff tear [2, 4, [10] [11] [12] [13] [14] . The sensitivity of CTA and concurrent sub-acromial bursography in detection of rotator cuff tears in arthroscopically treated patients was 100%, whereas the specificity was variable due to false positive results regarding the subscapularis and infraspinatus tendons, it was 100% for supraspinatus tendon tear, 83% for subscapularis tendon tears and 40% for infraspinatus tendon tear. Concerning infraspinatus tendon false positive results in our study; all of which demonstrated interstitial tear type which an was intra-substance extension from adjacent supraspinatus tear that resulted in infraspinatus fiber delamination, this type of tear could not be visible at arthroscopy and this might explain this high false positive rate on CTA and concurrent bursography for this tendon. Regarding the false positive rate in subscapularis tendon, it could be attributed to technical difficulty to asses it at arthroscopy compared with the supraspinatus and infraspinatus tendons [2, 15, 16] .
The current study has low complication rates, the percentage of extra-articular contrast injection at the site of needle path was low, and its effect was minimal without image interpretation difficulties; this could be due to injecting the contrast in real-time fashion using ultrasonographic guidance which allowed for accurate needle localization and proper targeted injection. There were some cases demonstrated extra-articular contrast leaks from the subscapular recess into the subscapularis muscle and from the biceps synovium, although there was no increased resistance experienced during contrast injection. Such unexplained findings might be related to associated capsulitis with subsequent weakness of the joint capsule. Ogul et al. [17] studied the extra-articular contrast material leakage within sites unrelated to the injection path in shoulder MRA, they observed three sites of contrast material leakage at subscapular recess, the synovium of the biceps and the axillary recess, they found that the amount of extravasation was significantly higher in patients with adhesive capsulitis compared with patients with different diagnosis, and the most frequently associated shoulder pathology with extravasation was superior labrum anterior-posterior (SLAP) lesion [17] .
Study limitation
The study included a relatively small sample of cases
Conclusion
CTA of the shoulder combined with concurrent subacromial bursography is a useful cost-effective imaging method could be used reliably in preoperative planning in partial-thickness rotator cuff tears, this combination modifies the CTA technique and allows for detailed characterization of type and size of partial-thickness rotator cuff tear, it also allows for detection of partialthickness bursal surface tears. Furthermore, CTA has high diagnostic performance in detection of full-thickness rotator cuff tear. Lastly, use of ultrasonographic guidance is a useful tool for accurate targeted contrast injection in CTA and bursography yielding a low rate of post-arthographic complications.
Abbreviations CTA: Multi-detector CT arthrography; GH: Gleno-humeral; MRA: MR arthrography; RCT: Rotator cuff tear; SA-SD: Sub-acromial sub-deltoid; SLAP: Superior labrum anterior-posterior 
